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© Analytical element for whole blood. 



© An integral multilayer analytical element which comprises a first fibrous porous layer, a nonflbrous porous 
(M layer, and a second fibrous porous layer superposed in this order on a wateMmpermeable HghHransmlsslve 
*t support, Tho above three porous layers are integrally laminated to each other substantially closely by an 
^adhesive dlscontlnuously disposed so as to form microspaces continuing through from one leyer to the next so 
© as not to Intsrfere with the approximately uniform permeation of liquid. A reagent composition which produces an 
N optically detectable change in the presence of an anaiyte Is Incorporated In at least one of said three porous 
{^layers. On the other hand, when a nonporous reagent layer Is Incorporated on tho support In the above analytical 
CO element, the reagent composition Is incorporated In the nonporous reagent layer. By using the analytical element 
the Invention, the analytical values of various analytes of blood samples can be obtained independently of 
© hematocrit values from whole blood samples and blood plasma samples in the range of the hematocrit values of 
A 0 % to 55 %. 
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ANALYTICAL ELEMENT FOR WHOLE BLOOD 



BACKGROUND OF THE INVENTION 



s Field of the Invention 

This Invention relates to a dry-type chemical analytical element used for determination of a particular 
substance in a body fluid, such as, blood. 

10 

Description of the Prior Art 

The quantitative analyses of various metabolic components, such as glucose, bilirubin, urea nitrogen, 
uric acid, cholesterol, lactate dehydrogenase, creatine kinase. ALT (Alanine aminotransferase) and AST 
' 15 (Aspartate aminotransferase), are important for clinical field, particularly in the diagnosis of disease*, the 
fbllowup of the course of treatment, the judgement of prognosis and the like. In clinical assays where the 
sample is blood or the like, It is preferable that a highly accurate assay can be conducted by using a 
minute amount of liquid sample, in the past wet methods using a solution of reagent were widely utilised, 
however they were poor In rapidity. 

20 On the other hand, dry methods are also known such as clinical assay means. The dry method uses an 
analytical element, such as, a teat pieces or a multilayer analytical element, In a substantially dry state 
where an analytical reagent system Is incorporated. The dry methods are superior to the wet methods In 
terms of simplicity of operation, rapidity, cost, etc. Dry-type multilayer analytical elements have been 
developed as rapid and accurate assay means, and they are disclosed In US 3 9^2 158, US 4 292 272, EP 

26 0 162 302A, etc. The dry-type multilayer analytical element Is, for example, composed of a transparent 
support, a reagent layer, a light-reflecting layer, a spreading layer, and the like. The transparent support Is a 
subbed thin plastic film or the like. The reagent layer is coated on the support, and contains the reagent 
which reacts with the analyte in a liquid sample to develop a color, the optical density of which is 
proportional to the amount of the analyte. The light-reflecting layer functions to block the light incident into 

30 the reagent layer so it does not reach the spreading layer, and to minimize the Influence of the liquid 
sample spotted on the spreading layer at the time of measuring the optical density of the reagent layer. The 
spreading layer uniformly spreads the liquid sample spotted thereon to an area In proportion to the liquid 
amount When quantitative analysis is carried out using the dry-type analytical element, a definite amount of 
a liquid sample, such as, a whole blood sample Is spotted on the spreading layer. The liquid sample 

35 spreads in the spreading layer, and passes through the Dght-reflectlng layer. The sample reaches the 
reagent layer, and reacts with the reagent to form color. After the spotting, the analytical element Is 
Incubated for a suitable time at a constant temperature to allow the color reaction to proceed sufficiently. 
Light Is Irradiated onto the reagent layer from the side of the transparent support, and reflection optical 
density Is measured at a particular wave length region. The amount of the analyte is determined by using a 

40 calibration curve obtained previously, 

In the past, the sample to be analyzed is usually blood serum or blood plasma where the erythrocytes 
are removed, Irrespective of whether the wet or dry method Is used. However, since the separation of 
erythrocytes requires labor and equipment cost analysis Is preferably carried out using undiluted whole 
blood. 

4S When whole blood la analyzed by the dry method, blood cells, I.e. erythrocytes and leukocytes, and 
other macromolecuier components should be separated in the analytical element by some means. For 
example, the analytical element disclosed in US 3 992 168 Is provided with a filtering layer for separating 
blood cells and other macromoleoular components. However, the filtering layer requires a lot of time for the 
removal of blood cells. Moreover, a part of the analyte Is lost In the filtering layer, and thereby, the analysis 

so becomes inaccurate. 

Another dry-type analytical element utillzeble for the analysis of a particular component in whole blod is 
disclosed in EP 0 229 465A. In the analytical element, erythrocytes in a whole blood sample are separated 
from plasma In order to remove the Interference of the erythrocytes, and moreover, the analyte In the 
plasma rapidly diffuses Into the reagent layer. The analytical element Is composed of a first nonfibrous 
porous layer, a second nonfibrous porous layer and a fibrous porous layer. They are integrally and 
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substantially closely laminated In this order each through an adhesive discontinues sty disposed 30 as to 
form microspaces continuing through from one layer to the next so as not to Interfere with the approxi- 
mately uniform permeation of liquid. The color forming reagent composition Is Incorporated into any one of 
the above three porous layers, and the mean effective pore size of the second nonflbrous porous layer is In 
s the range of O.a to 30 Um. However, when whole blood samples were analyzed by using the above 
analytical element, the analytical results among the blood samples having the same analyte content varied 
considerably depending on the hematocrit values (the volume per cent of blood cells In blood). 



SUMMARY OF THH INVENTION 



An object of the Invention Is to provide a dry-type analytical element capable of separating erythrocytes 
In whole blood to avoid their Interference with the analytical element capable of diffusing the analyte In the 

t$ blood plasma Into the reagent layer rapidly, and capable of determing the amount or the activity value ol 
the analyte with high accuracy Irrespective of the hematocrit value of the whole blood sample. 

Such an object has been achieved by an integral multilayer analytical element which comprises a first 
fibrous porous layer, a nonfibrous porous layer and a second fibrous porous layer superposed in this order 
.onto a water-impermeable iight-tr&nsmlsslve support. The aboVe three porous layers are integrally lami- 

20 nated to each other substantially closely by an adhesive discontinuous^ disposed so as to form micro* 
spaces continuing through from one layer to the next so as not to interfere with the approximately uniform 
permeation of liquid. A reagent composition which produces an optically detectable change in the presence 
of an analyte is incorporated into at least one of said three porous layers. On the other hand, when a 
nonporous reagent layer is Incorporated on the support in the above analytical element, the rsagent 

as composition Is Incorporated into the nonporous reagent layer. 



BRIEF DESCRIPTION OF THE DRAWINGS 

30 

Figure 1 Is a graph indicating a relation between the total cholesterol concentration of samples and a 
reflection optical density of multilayer analytical elements. 

Figure 2 is a graph Indicating a relation between ALT activity of whole blood samples and a reflection 
optical density of multilayer analytical elements. 

as 

DETAILED DESCRIPTION OF THE INVENTION 



The nonflbrous porous layer Is preferably a blushed polymer layer composed of a celluloss ester, such 

40 as, cellulose acetate, cellulose acetate/butyrate or cellulose nitrate, disclosed In US 3 982 156 or US 1 421 
341. It may be a microporous membrane of polyamlde, such as, 6-nyton or e.B-nylon, polyethylene, 
polypropylene, or the like, or may be a microporous membrane composed of the polysulfone disclosed In 
Japanese Patent KOKAl 27006/1987. In addition, It may also be a continuous microspace-containing porous 
layer where polymer particulates, glass particulates, dlatomaceous earth or the like are joined by a 

45 hydrophiiic or non-water-absorptive polymer, such as disclosed in US 3 992 158, and US 4 258 001. 

The effective pore size of the nonfibrous porous layer is preferably 0.8 to 30 urn as the pore size 
measured by the bubble point method based upon ASTM F316-70, In the case that the nonflbrous porous 
layer Is a membrane filter composed of a blushed polymer prepared by the phase separation method, liquid 
paths In the direction of thickness are, In general, the narrowest at the free side surface at the time of the 

so production of the membrane (glossy surface), and the pore size, assuming that the cross section of the 
liquid path is a circle, Is the smallest In the vicinity of the free surface. The pore sizes of the individual liquid 
paths estimated at the narrowest part along the path with respect to the direction of thickness have a 
distribution In tha dfrection of the membrane surface, and the maximum value among the varying pore sizes 
controls the filtration ability for particles. It is usually measured by the bubble point method and (s defined 

56 as the effective pore size herein. 

In the case of using a membrane filter composed of blushed polymer prepared by the phase separation 
method, It Is preferable that the glossy face is disposed on the support side, that is, on the side lacing the 
first nonfibrous porous layer. 

3 
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The material constituting the fibrous porous layer may bo fitter paper, nonwoven fabric, woven fabrics, 
such as, plain weaves, knitted fabrics, such as, tricot fabric, glass fiber fitter paper, etc. Preferable materials 
for the fibrous porous layer are woven fabrics and knitted fabrics* The woven fabric, etc., may be treated 
with the glow discharge, such as, disclosed in QB 2 087 074A- 

a The nonflbrous porous layer Is laminated to the first fibrous porous layer by an adhesive. The adhesive 
is disposed partially or discontinuous fy so as to form through microspaces so as not to interfere with 
uniform permeation of the liquid. 8uch a joining method utlllzable for the analytical element of the Invention 
is disclosed in EP 0 223 46SA. 

The second fibrous porous layer is utilized as a spreading layer of tho liquid sample spotted on the 

to analytical element, and ft has preferably a metering action. The metering action is such that a sample 
spotted on the spreading layer spreads at a substantially uniform amount per unit area in lateral directions 
without uneven distribution of any component In the sample. Trie spreading layer may contain a hydrophiltc 
polymer or surfactant as disclosed in EP 0 182 301A and Japanese Patent KOKAI 63*219397, 63-112999 
and 62-182652 In order to adjust the spreading area, spreading speed and the like, The second fibrous 

is porous layer is laminated to the nonflbrous porous layer by an adhesive In the same manner as described 
for the first and second nonflbrous layers. 

The void volume per unit area of the first fibrous porous layer may be equal to or different from the 
nonflbrous porous layer. The void volume per unit area of the nonflbrous porous layer may also be equal to 
or different from the second fibrous porous layer. Each void volume can bs changed by controlling the void 

TO content or the thickness. 

Ught-reflactive particles, such as, titanium dioxide or barium sulfate may be dispersed in the first 
fibrous porous layer using a hydrophillc polymer as a binder. By Incorporating the llghfreflective particles, 
when the optically detectable change, such as the coloring or the color change produced in the registration 
layer, the reagent layer or the like Is measured by reflection photometry from the side of the llght- 

2S transmissive support the first fibrous porous layer can shield the red color of the hemoglobin contained In 
the erythrocyte of the whole blood sample. It can also faction as a light-reflecting layer or background layer. 
Preferable binders are gelatin, gelatin derivatives, polyacrylamide and the like. Ught-refiective particulates 
may also be incorporated Into either or both of the nonflbrous porous layer and the nonporous reagent layer 
described later. 

oo A preferable material of the light-transmissive water-Impermeable support are polyethylene tereph- 
thalate, polystyrene end cellulose esters, such as, cellulose triacetate, in order to bind the layer laminated to 
the support securely, the support Is usually provided with an underrating layer or Is made hydrophillc. 

The analytical element of the Invention may employ various layer constructions referring to the 
disclosures of US 3 992 1S8, US 4 292 272 and EP 0 228 466A. The following embodiments are practically 

35 employable as the analytical element of the Invention: 

(1) The second fibrous porous layer, the nonflbrous porous layer, the first fibrous porous layer and 
the support, superposed in this order. 

(2) The second fibrous porous layer, the nonflbrous porous layer, the first fibrous porous layer, an 
adhesive layer (or a water-absorption layer) and the support, superposed in this order. 

40 (3) The second fibrous porous layer, the nonflbrous porous layer, the first fibrous porous layer, a 

registration layer and the support superposed in this order. 

(4) The second fibrous porous layer, the nonflbrous porous layer, the first fibrous porous layer, a 
reagent layer and the support, superposed In this order, 

[5) The second fibrous porous layer, the nonflbrous porous layer, the first fibrous porous layer, a 
4$ nonporous reagent layer, a registration layer and the support, superposed in this order. 

The support may include a superposed subbing layer. The registration layer is, In general, the layer 
where the dye produced In the presence of an analyte diffuses and Is optically detected there through the 
light-tranamisslve support The registration layer may be composed of a hydrophillc polymer, and It may 
contain a mordant, for example, a catlonlc polymer in the case that the dye is anionic The water-absorption 
so layer Is, in general, the layer where the dye produced In the presence of an analyte does not diffuse Into it 
substantially, and It may be composed of a hydrophillc polymer being readily sweltable. 

The reagent layer, the registration layer, the water-absorption layer or the like may be composed of a 
hydrophillc polymer. The hydrophillc polymer includes gelatin, Its derivatives, such as, phthatated gelatin, 
cellulose derivatives, such as, hydroxymethyi cellulose, agarose, polyacrylamide, poiymethacryiamlde and 
ss copolymers of acrylamlde or methacryTamide and various vinyl monomers. 

One or more nonflbrous or fibrous porous layers may be Incorporated between the first or second 
fibrous porous layer and the nonflbrous porous layer. A barrier layer, a light-reflecting layer or the like may 
be incorporated between the reagent layer and the first fibrous porous layer or between the registration 
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layer and the first fibrous porous layer. An adhesive layer for binding the first fibrous porous layer may be 
provided on the support, the subbing layer, the water-absorption layer, the registration layer or the like. The 
adhesive layer Is preferably composed of a hydrophlllc polymer capable of binding the porous layer, when 
It is wet with water to swell, such as, gelatin, gelatin derivatives, polyacrylamide and starch. 

9 The reagent composition Includes the compositions capable of producing an optically detectable 
substance such as a dye In the presence of an anaiyte. Examples of the reagent composition Include the 
compositions producing a dye by the oxidation of a leuco dye, such as, trlaryllmldazole leuco dyes 
disclosed In US 4 089 747 and dlaryllmidazole leuco dyes disclosed in EP 0 1 22 641 A, etc., the 
compositions containing a dlazonlum salt, compositions containing a chromogenic compound capable of 

10 being coupled to a coupler by oxidation to produce a dye. such as, combinations of 4-aminoantipyrines 
(chromogenic compound) and phenols or naphthols (coupler) and compositions comprising a dye precursor 
compound capable of producing a dye in the presence of a coenzyme in reduced form and an electron 
carrier. In the case of analytical elements for emasurlng an enzyme activity, the reagent composition may 
be comprised of a self-color developing type substrate capable of releasing a color material, such as, p- 

?s nitrophenol or p-nitrophenyl phosphate. The reagent composition may also contain an enzyme; the 
examples being described in the specification of EP 0 226 465A from page 5 to page 7, 

The reagent composition may contain an activator, a buffer, a hardening agent, a surfactant and the like. 
The buffers suitable for the analytical element of the invention are carbonate buffers, borate buffers, 
phosphate buffers, Good's buffers, and the like. 8uch a buffer may be selected with reference to 

ao Tanpakushitsu* Koso no Wso-Jikken-Ho (Fundamental Experimental Method of Proteins, Enzymes)" (Horlo 
et el., Nanko-Do, 1881), Biochemistry, vol. 5, No. 2 pp 487-477. 1966, or the like, 

To Incorporate a nonporous reagent layer between the first fibrous porous layer and the support is 
preferred. The nonporous reagent layer is a substantially nonporous uniform layer composed of a 
hydrophlllc polymer as 8 binder. Preferable binders are gelatin, its derivatives, such as, phthalated gelatin. 

23 cellulose derivatives, such as, hydroxymethyl cellulose, agarose, polyacrylamide, polymethacrylamlde and 
copolymers of acrylamlde or methacrylamide and various vinyl monomers, and the like, The nonporous 
reagent layer contains at least a part of a reagent composition capable of producing an optically detectable 
change In the presence of an anaiyte. The whole or most of the reagent composition may be incorporated 
into the nonporous reagent layer, or separated Into the nonporous reagent layer and the first fibrous porous 

30 layer. 

When the nonporous reagent layer Is absent, at least, a part of the reagent composition is incorporated 
Into one of the aforementioned three porous layers, All components of the reagent composition may be 
incorporated into a single porous layer, such as, the first fibrous layer, or they may be divided and 
incorporated Into two or more porous layers. In addition, a part of the components of the reagent 

35 composition may be incorporated into the aforementioned layer containing the hydrophlllc polymer as a 
binder, While, when the nonporous reagent layerls present, at least, a part of the reagent composition must 
be incorporated therenito, Alt components of the reagent composition may be Incorporated into the 
nonporous reagent layer, or they may be divided and lncoporated Into two or more layers, such as, the 
porous layers and the layers containing the hydrophilic polymer as a binder. In the latter case, to 

4Q Incorporate the whole or most of the reagent composition into the nonporous reagent layer and the first 
fibrous porous layer is preferred. When the reagent composition contains a self-color-developlng type 
substrate, the substrate is Incorporated into the porous reagent layer, the first fibrous porous layer or the 
nonflbrous porous layer. 

As the method for incorporating the reagent composition Into at least one of the three porous layer, the 
45 reagent composition Is dissolved or suspended In water or an organic solvent, and Immersed into or applied 
onto the porous layer. Then, the porous layer is bound to another water-permeable layer, such, as. a 
reagent layer, for example, by the method disclosed In US 4 292 272. In this method, the whole surface of 
a layer containing a hydrophlllc polymer binder, such as, a binding layer or a reagent layer Is almost 
uniformly moistened with water or the water containing a surfactant, and the porous layer Is superposed 
so thereon. Then, It is laminated with light uniform pressure. Instead, the porous layer Is first bound to another 
water*psrmeable layer, such as, an undercoating layer, a binding layer or a water-absorption layer, and 
thereafter, the solution or suspension of the reagent composition Is applied onto the porous layer. The 
coating method and the immersing method may be conventional, and the coating method may be selected 
from dip coating, doctor coating, hopper coating, curtain coating and the like. When a layer containing the 
65 reagent composition and a hydrophilic polymer as a binder is coated on the support or the like followed by 
binding the first nonflbrous porous layer which does not contain the reagent composition thereon by the 
method disclosed in US 4 292 272 or the like, the reagent composition can substantially be Incorporated 
into the first nonflbrous porous layer. 

5 
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The analytical element of the Invention particularly effective for the quantitative analysts or the 
maeromolecular components In whole blood, such », total protein, albumin and various enzymes, the 
components bound to protein, such as, bilirubin, and the hydrophobic components, such as, cholesterol and 
glycerfdes as well a* the lower molecular components, such as, glucose, urea, uric acid and creatinine. The 
analytical element can also be used for the determination of an antigen or an antibody by an immunological 
method by Incorporating at least one of an antigen or an antibody into one or more of the porous layers. 

By using the analytical element of the Invention, the analytical values of various analytes free from the 
hematocrit values of blood samples can be obtained from whole blood samples and blood plasma samples 
in the range of the hematocrit values of 0 % to 55 %. 



EXAMPLES 

Example 1_ Analytical Slide for the Determination of Total Cholesterol 

1-1 Preparation of Leuco Dye Emulsion 

The following ieuco dye solution was prepared. 



2-(4-hydroxy-3,5^lmettoxypheny!)^ 
acetate 

2^ydroxy-3 i 5-dimemoxyphenyl)^I^ 

hydrochloride 

N t N-diethyllsurylam!de 




The following gelatin solution was prepared, 



Alkali-treated gelatin 
Water 

Bis[{vinylsulfonylmethylcarbonyl)amlno]methane 



300 g 
1900 g 
3.0 g 



The gelatin solution was stirred by an emulsWor tt TK Auto Homomlxer", Tokushu Klkal Kogyo K.K.) at 
40 about 5,700 rpm/and the leuco dye solution was added. The mixture was stirred for about 30 minutes to 
obtain the emulsion. 

1-2 Coating of Dye-Forming Reagent Layer 

46 

The above emulsion was applied onto a gelatin-subbed treasparent polyethylene terephthalate (PET) 
sheet (support) 180 urn in thickness at a rate of 150 g/m 2 . and dried to form a dye-forming non-porous 
reagent layer (dry coverage about 26 g/m 2 ). 



1-3 Lamination of First Rbrous Porous Layer 



^ The surface of the dye-forming reagenr layer was moistened uniformly with about 30 g/m 2 of water at 
2S*C A tricot fabric about 250 um thick knitted from 50 denlers PET spun yam by 35 gauges was 
superposed thereon, and dried to laminate the fabric to the dye-forming reagent layer. 

Subsequently, the following composition was applied onto the tricot fabric, and dried to obtain a first 
fibrous porou layer. 



20071100318 16«§02ft SIKS&CO. NO. 5327 P. 28/57 

gp 0 382 207 A2 



Methyl cellulose 


3.0 g/m* 


Titanium aioxioe (Mean particle size. u>3 urnj 




Lipoprotein lipase 


2,000 !U/m s 


Cholesterol esterase 


2,500 Mm* 


Cholestrol oxidase 


2,500 lU/m* 


Peroxidase 


2,500 lU/m* 


Potassium dihydrogen phosphate 


7.3 gAn* 


Potassium ferrocyanlde 


0.7 g/m* 



M Impregnation of Second Fibrous Porous layer 

A tricot fabric about 250 thick knitted from 50 deniers PET spun yarn by 36 gauge was Immersed in the 
following aqueous solution to fill the void portions with the solution, and taken out followed by drying to 
obtain a second fibrous porous layer, 



Polyethylene glycol (Molecular weight 50,000) 


2.0 g 


Sodium tetraborate 


2.0 g 


Pure water 


06 o 



1-5 Lamination of Second Porous Layer and Spreadino Layer 

30 The Impregnated tricot fabric was heated at 80* C, and hot melt type adhesive melted at 130 f C was 
adhered to the surface of the tricot fabric In dot-shaped by the transferring from a gravure roll utilizing the 
gravure printing. Each dot was a circle having a diameter of 0.3 mm, end the distance between each center 
of the dots was 0.6 mm. The area of the dots was about 20 %, and the adhered hot melt type adhesive was 
about 3 g/m z . A cellulose acetate membrane filter ("MlCftORLTER FM 300". manufactured by Fuji Photo 

38 Rim Co.. Ltd.) having an effective pore size of 3 urn, a thickness of 140 am and a void content of about BO 
% was used as the nonfibrous porous layer. The nonglossy side of the membrane filter was Immediately 
faced to the tricot fabric, and both were Joined through the dot-shaped adhesive by passing a laminating 
roller. 

40 

1-6 Completion of Analytical Element 

The laminate was laminated to the first porous layer In a similar manner to the above method. That Is, a 
hot melt type adhesive was adhered In dot-shaped to the membrane filter face of the above laminate by the 
49 transferring from a gravure roll utilizing the gravure printing, and Immediately faced to the face of the first 
fibrous porous layer, and joined them through the dot-shaped adhesive by passing a laminating roller. 

Thus, an integral multilayer analytical element for the quantitative analysis of total cholesterol was 
completed. The analytical element consisted of a support, a dye-forming reagent layer, a first fibrous 
porous layer, a nonfibrous porous layer and a second fibrous porous layer laminated In this order. The 
90 second fibrous porous layer and the nonfibrous porous layer act as the blood cell-separating layer 
cooperatively. The first fibrous porous layer acts as an reaction layer to produce ferric Ion in the presence 
of cholesterol. In the dye-forming reagent layer, a dye Is produced by the ferric ion produced In the first 
fibrous porous layer, and the dye Is optically measured through the transparent support 

55 

1-7 Preparation of Analytical Slide 

The analytical element was cut Into square pieces having a side of 15 mm, and placed In a slide frame 

7 
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described In Japanese Patent KOKAJ No. 57-63452 to complete an analytical slide for the quantitative 
analysis of total cholesterol. 



s Comparative Example 1 

An analytical slide for the quantitative analysis of total cholesterol was prepared In the same manner as 
Example i, except that a cellulose acetate membrane Alter ("MlCROFILTgR FM 300", manufactured by Fuji 
Photo Rim Co., Ltd.) having an effective pore stee of 1.2 urn, a thickness of 140 urn and a void content of 
10 about 80 % was used instead of the tricot fabric; The glossy face was faced to the dye-forming non-porous 
reagent layer. 



Measuring Example 1 

78 

The effect of hematocrit vaJue of blood sample* upon both of the above analytical slides were 
measured. A human blood plasma, sample containing 145 mg/di of total cholesterol and a human whole 
blood sample having the same content of total cholesterol and a hematocrit value of 26 %, 40 % or 55 % 
were used. Each 20 urn of the sample was spotted to the second fibrous porous layer of the analytical slide 
20 of Example 1 and Comparative Example 1, and Incubated at 37 ' C for 3 minutes and 8 minutes. Then, the 
reflection optical density of respective analytical slides was measured by using a fight having a central wave 
length of 640 nm from the PET support side. The results are shown In Table 1. 

Table 1 

23 



Hematocrit 
Value 


Example 1 


Comparative 
Example 1 


0 % (Plasma) 


0.598 


1.068 


25% 


0.604 


0.945 


40% 


0.609 


0.851 


55% 


0.539 


0.768 



As shown in Table 1, In the case of the analytical slide of Example 1. similar reflection optical densities 
were obtained irrespective of the hematocrit value In the range of 0 % (plasma) through 55 %. Whereas, in 
the case of the analytical slide of Comparative Example 1, the reflection optical density was sharply 
ao reduced with the Increase of the hematocrit value. 



Measuring Example 2 

46 The dependency of the analytical slide of Example 1 on total cholesterol concentration was measured. 

Eight human whole blood samples containing a total cholesterol concentration In the range of 63 to 319 

mg/dl and a hematcrft value In the range of 19 to 44 % were used. 

Each 20 ul of the sample was spotted to the second fibrous porous layer of the analytical slide of 

Example 1 , and incubated at 37* C tor 6 minutes. Then, the reflection optical density of respective analytical 
eo slides was measured by using a light having a central wave length of 840 nm from the PET support side. 

The results are shown in Table 2 and Figure 1. The sample of 0 mg/dl total cholesterol concentration was a 

saline solution. 
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Table 2 



onoietsrsroi 


Hematocrit 


optical 


Concentration 


VflJUO (%) 


Density 


(mg/dl) 






0 


0 


0.145 


63 


29 


0.378 


100 


28 


0.495 


106 


19 


0,524 


148 


36 


0.603 


165 


32 


0.662 


245 


44 


0.810 


274 


38 


0.827 


319 


42 


0.915 



The measured results of Table 2 plotted In Figure 1 indicates that tho optical density has a definite 
relation to the total cholesterol concentration of blood samples Irrespective of their hematocrit values. 



Removal of Blood Cells In Analytical Element 

The removal ability of blood cells from whole blood was examined as to the analytical slide of Example 
1 and Comparative Example 1. Each 20 ul of the whole blood having a hematocrit value of 40 % was 
spotted to the second fibrous poroua layer of the analytical slide of Example 1 and Comparative Example 1. 
and kept at 35* C for 6 minutes. Each layer of both analytical elements was separated, and the reflection 
optical density of the upper surface and the lower surface of respective layers was measured by using a 
light having a central wave length of 540 nm. The results are shown In Table 3. The numerical values in 
Table 3 are the remalndree obtained by the subtraction of the reflection optical density of the corresponding 
face when none was spotted to the analytical elements as a blank therefrom, 

Table3 







Example 1 


Comparative 
Example 1 


40 


Second 
Fibrous 
Porous Layer 








Upper Surface 
Lower Surface 


0,46 
0.47 


0.48 
0.47 


4$ 


Nonftbrous 
Porous Layer 








Upper Surface 
Lower Surface 


0.53 
0.82 


0.46 
0.73 


90 


First Fibrous 
Porous Layer 








Upper Surface 


0.00 


0.19 



As shown in Table 3, In the case of the analytical slide of Example 1, the blood cell components were 
entirely removed from the whole blood upper then the first fibrous porous layer. 
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Example 2 



2-1 Coating of Dye-forming Reagent Layer 

The following aqueous solution was applied onto a gelatin-subbed colorless transparent smooth PET 
film 180 um in thickness so that the dry thickness became 15 lim (156 ccim*), and dried to form a dye- 
forming reagent layer. 



Gelatin 


190g 


Surfactant (p-Nonylphenoxypolyglycidol, Ofln) (containing 10 glycldol unit on the average) 


8g 


Peroxidase 


150.000 IU 


FAD 


240 mg 


TPP 


1000 mg 


Pyruvate oxidase 


150,000 IU 


Dye- 


3.0 g 


Water 


1390 g 


Adjusted to pH 8.5 with dlL NaOH. 

Dye: 2*(3 ( 5-dtmetho*y^hydroxyphenyi)-4-ph0neth^ 



28 

2-2 Coating of Adhesive Layer 



The following aqueous solution was applied onto the above reagent layer so that the dry thickness 
became 3 um (60 ccfim 2 }, and dried to form an adhesive layer 

so 





Gelatin 


40g 




Surfactant (p-Nonylphenoxypolyglycidol, Olln) (containing 10 glycldol unit on the average) 


1,8 g 




Water 


600 g 


35 


Adjusted to pH 7.0 with dlL NaOK 


40 


2-3 Lamination of First Fibrous Porous Layer 





The surface of the adhesive layer was moistened uniformly with about 30 g/m 8 of water at 25* C, and a 
polyester broadcloth having a void volume of 9,8 uVm 2 was laminated thereto with a light pressing followed 
by drying. 

Subsequently, the following composition was applied onto the broadcloth at a rate of 100 cc/m*. and 
dried to form a first fibrous porous layer. 



50 



56 
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19 



25 



2.2 


S 


4.5 


5 


4.0 


S 


27.5 


& 


8.7 


S 



Trts (hydroxymethyl )aminomethane 
Potassium monophosphate 
Sodium x-Ketogiutarate 
L-Alanlne 

Hydroxypropylmechyl cellulose 

("Metholose 90 SH 100", Shinethus Chemical) 
Containing 28 to 30 % of methoxy group and 7 to 
12 7o of hydroxypropoxy group* The viscosity o£ 2 
7 0 aqueous solution was 50 cps at 20*C. 
DyeK^'-monomethine-bisCl-tp'-sulfophenyl )-3- 0.7 g 

methyl-5-pyrazolone] oxonol ) 
Surfactant (p-octylphenoxypolyethoxyechanol ) 27 g 

(containing 10 ethoxy unit on the average) 
Titanium dioxide (rutile type) 70 g 

Magnesium chloride 2.4 g 

Water 880 g 

Adjusted to pH 7.5 with dll. NaOH, 



2-4 Impregnation of Second Fibrous Porous Uyor 

A tricot fabric about 260 thick knitted from 50 denlers PET spun yam by 38 gauge was Immersed In the 
following aqueous solution to fill the void portions with the solution, and taken out followed by drying to 
obtain a second fibrous porous layer, 



4B 


Polyethylene glycol (Molecular weight: 50,000) 


2,0 g 




Sodium tetraborate 


2.0 g 




Purified Water 


9Bg 



50 



2-5 Lamination of Second Porous Layer and Spreading Layer 

The impregnated tricot fabric was heated at 80*0, and hot melt type adhesive melted at 130 "C was 
adhered to the surface of the tricot fabric in dot-shaped by the transferring from a gravure roll utilizing the 
gravure printing. Each dot was a circle having a diameter of 0.3 mm, and the distance between each center 
of the dots was 0.6 mm. The area ot the dota was about 20 %, and the adhered hot melt type adhesive was 
about 3 g/m*. A cellulose acetate membrane filter ("MICROFILTER FM 3Q0\ manufactured by Fuji Photo 
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film Co., Ltd.) having an effective pore size of 3 urn, a thickness of 140 Mm and a void content of about 80 
% was used as the nonflbrous porous layer. The nonglossy side of the membrane filter was Immediately 
faced to the tricot fabric, and both were joined through the dot*shaped adhesive by passing a laminating 
roller. 

5 

2-6 Completion of Analytical Element 

The laminate was laminated to the first porous layer In a similar manner to the above method. That Is, a 
to hot melt type adhesive was adhered in dot-shaped to the membrane niter face of the above laminate by the 
transferring from a gravure roll utilizing the gravure printing, and Immediately faced to the face of the first 
f brous porous layer, and Joined them through the dot-shaped adhesive by passing a laminating roller. 

Thus, an Integral multilayer analytical element for measuring alanine aminotransferase (ALT) activity. 
The analytical element consisted of a support, a dye-fdmnlng reagent layer, a first fibrous porous layer* a 
rs nonflbrous porous layer and a second fibrous porous layer laminated in this order. The second fibrous 
porous layer and the nonflbrous porous layer act as the blood cell-separating layer cooperatively. The first 
fibrous porous layer acts as an reaction layer to produce pyruvic acfd in the presence of ALT. The dye- 
forming reagent layer acts as a layer to convert the pyruvic add produced In toe first fibrous porous layer 
Into a dye through hydrogen peroxide, and the dye Is optically measured through the transparent support 

20 

2-7 Preparation of Analytical Slide 

The analytical element was cut Into square pieces having a side of 15 mm. and placed In a slide frame 
25 described in Japanese Patent KOKA1 No. 67-63452 to complete an analytical slide for measuring ALT 
activity. 



Measuring Example 3 

90 

The analytical slide for measuring ALT activity was evaluated as follows. A human whole blood was 
centrtfuged and a suitable amount of the blood plasma was mixed with the blood cell portion to prepare 
whole blood samples having a hematocrit value of 2s 40 % or 55 %. Prior to the above mixing, a part of 
the plasma was replaced by an ALT solution prepared by adding ALT to 7 % human serum albumin (HSA) 

as aqueous solution so that the whole blood samples had an ALT activity of 800 unhe/L. As to the blood 
plasma sample, a part was replaced by the ALT solution so as to have the same ALT activity. 

Each 20 ul of the whole blood samples was spotted to the second fibrous porous layer of the analytical 
slide of Example 2, and kept at 37* C In a sealed vessel, and the reflection optical density was measured at 
a wave length of 540 nm from 2.5 minutes to 4 minutes after the spotting to determine the variation rate per 

40 second of optical density. The results are shown In Table 4. 

Table 4 



Hematocrit 
Value (%) 


Variation Rate of Optical 
Density (per sec.) 


0 


3.82x10-* 


26 


3.78 x 10-* 


40 


3.83x10^ 


65 


3.89 x 10- 4 



55 As shown In Table 4, In the case of the analytical slide of Example 2, almost constant variation rate of 
optical density was obtained In the hematocrit value from 0 % (plasma) to 55 %, Irrespective of the 
hematocrit value. 
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Measuring Example 4 

The dependency of the analytical slide of example 2 on ALT activity was measured. Various amount* of 
ALT were added to 7 % HSA aqueous solution to prepare ALT solutions In 7 % HSA. A human whole blood 

6 was eentrifuged. A suitable amount of the blood plasma was replaced by the ALT solution, and the mixture 
was mixed again with the blood cell portion to obtain whole blood samples having a hematocrit value of 40 
% and various ALT activities. Each 20 ul of the whole blood samples was spotted to the second fibrous 
porous layer of the analytical slide of Example 2, and kept at 37" C In a sealed vessel, and the reflection 
optical density was measured at a wave length of 640 nm from 2.5 minutes to 4 minutes after the spotting 

w to determine the variation rate per second of optical density. The results are shown In Table 5 and Figure 2. 
The data shown in the last line of Table 5 was of the original whole blood prior to the centrifugatlon. 

Tables 



1B 



20 



ALT Activity 


Variation Rate of Optical 


Hematocrit 


(units/1) 


Density (per sec) 


Value (%) 


24 


0.006 


40% 


72 


0,317 


40% 


121 


0.546 


40% 


220 


1.126 


40% 


361 


1.693 


40% 


618 


2.753 


40% 


624 


3.079 


40% 


795 


3.843 


40% 


959 


4.542 


40% 


1714 


7.384 


40% 


S3B 


2.345 


47% 



Figure 2 wherein the data shown in Table 5 were plotted Indicates a linear relation between the ALT 
activity and the variation rate optical density. 



Claims 

1. An Integral multilayer analytical element which comprises a first fibrous porous layer, a nonfibrous 
porous layer, and a second fibrous porous layer superposed in this order onto a water-Impermeable light- 
transmissh/e support, the above three porous layers being Integrally laminated to each other substantially 
closely by an adhesive discontinuous^ disposed so as to form microspaces continuing through from one 
layer to the next so as not to Interfere with the approximately uniform permeation of liquid, and a reagent 
composition which produces an optically detectable change In the presence of an analyte being incor- 
porated in at least one of said three porous layers. 

2. The analytical element of claim 1 wherein said reagent composition is incorporated In the first fibrous 
porous layer. 

3. An Integral multilayer analytical element which comprises a nonporous reagent layer, a first fibrous 
porous layer, a nonfibrous. porous layer, and a second fibrous porous layer superposed In this order onto a 
water-impermeable light-transmlsslve support, the nonporous reagent layer containing a hydrophlllc polymer 
as a binder, the above three porous layers being Integrally laminated to each other substantially closely by 
an adhesive dlscontlnuously disposed so as to form microspaces continuing through from one layer to the 
next so as not to Interfere with, the approximately uniform permeation of liquid, and a reagent composition 
which produces an optically detectable change In the presence of an analyte being Incorporated at least in 
said nonporous reagent layer. 

4. The analytical element of claim 3 wherein said reagent composition Is Incorporated In the nonporous 
reagent layer and the first fibrous porous layer. 

5. The analytical element of claim 3 wherein substantially the whole reagent composition is Incorporated 
in the nonporous reagent layer. 

13 



4SDOCID: <ZP 0382207 A2_L»- 



2 00 7^1 0^3 1 B 16if04ft SIKS&CO. 



EP 0 382 207 A2 



NO. 5327 P. 35/57 



rid 




O 70 140 210 280 3?0 

TOTAL CHOLESTEROL CONCENTRATION (mg/da) 



BN900CID! «EP___OSre»WMJ.> 



2007^1 0^3 1 B 16»i04ft SIKS&CO. 



EP 0 382 207 A2 



NO. 5327 P. 36/57 



FIG. 2 



u © 1-7 




ALT ACTIVITY (unlt/i) 



2007$10J]318 16»S04ft SIKS&CO. 



NO. 5327 P. 37/57 



9 J) 



Europ*iech»s Patentamt 
European Patent Office 
Office europ^en dee brevets 



ii 



0 Publication number: 



0 382 207 A3 



© EUROPEAN PATENT APPLICATION 



© Application number: 90102482.8 © Int. Cl. s : G01 N 33/52, //C1 2Q 1 /00, 

_ C12Q1/48.C12Q1/60 
© Data of filing: 08.02.90 



<§) Priority: 09,02.89 JP 30406/89 


© Applicant: FUJI PHOTO FILM CO., LTD. 


30 03 B9 JP B010B/B9 


Ail/ I'unai iwi ne* 1*111101 in Moiiiyoia'oni 


lial r^flkfft ftf nnhllnnUnn annl!r > 9tir\rv 

v-*/ uqkG op puuiicpiiun UT dppilLdllOn. 


KansgBwa(JP) 


mvanior. rviaKino, YO&niniKO ( c/o ruji Pnoto 


ie no Qfi bulletin QrVII 


© Designated Contracting States: 


Ptlm 1 trl 

rum isO*i uiOf 


11-46, Senrul 3-chome 


DP FR OR 


Afcaka-xhl Rxllima/ tP\ 
MBgKa a «ni| Oal(ama(ur) 


® Date of deferred publication of the search report: 


Inventor: Terashlme, Kaoru, c/o Fuji Photo 


Film Co., Ltd. 


02.06.91 Bulletin 91/18 


11-46, Senzu! 3-chome 




Aaake-shl, 8eltama(JP) 




Inventor: Kftanl, Toru, c/o Fuji Photo Film Co., 




Ltd. 




11-46, Senzul 3-chome 




A&aka-sht, Saltama(JP) 




Inventor: Hora, Naofumi c/o Fuji Photo Film 




Co,, Ltd. 




11-46, Sen2ui 3-chome 




Asaka-ehl, Saitama(JP) 




<S> Representative: Kraua, Walter, Dr. et at 




Patentanwttlte Kraus, Welsert & Partner 




Thomas-Wlmmer-Ring 15 




W-8000 MUnchen 22(D€) 



© Analytical element for whole blood. 



© An integral multilayer analytical element which 
comprises a first fibrous porous layer, a nonfibrous 
2 porous layer, and a second fibrous porous layer 
^ superposed in this order on a water-impermeable 
llghMrensmlssive support. The above three porous 
S layers are integrally laminated to each other sub- 
stantially closely by an adhesive discontinuously dls- 
JNI posed 30 as to form microspaces continuing through 
jjj from one layer to the next so as not to Interfere with 
the approximately uniform permeation of liquid. A 
© reagent composition which produces an optically de- 
CL tectable change in the presence of an analyte is 
UJ incorporated in at least one of said three porous 
layers, On the other hand, when a nonporous 
reagent layer Is Incorporated on the support in the 



above analytical element, the reagent composition is 
incorporated in the nonporous reagent layer. By us- 
ing the analytical element of the invention, the ana- 
lytical values of various analytes of blood samples 
can be obtained independently of hematocrit values 
from whole blood samples and blood plasma sam- 
ples In the range of the hematocrit values of 0 % to 
55 %. 



Xerox Copy Cantr* 



BNSDOOO «EP 03W»™9„I.> 



2007^1 0^3 1 B 168§05ft 



SIKS&CO. 



NO. 5327 P. 38/57 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



ApftHaiJoa Number 



ep 90 io zm 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Chfttien of decern tn< wKh tftdJtfttiw, whfr« apptttprbN, 
of rtkvint paaiECf 



U dftfm 



CLASSIFICATION OF THE 
AFMJCATION (IM. CU) 



P.A 



EP-A^£98473 (FUJI PHOTO FILM CO., LTD.) 

* the whol* docui&tnt * 

EP-A-2784M (FUJI PHOTO FIW CO., LTD.) 

* th« whole oocuawnt * 

EP-A-160916 (FUJI PHOTO FILM CD. , LTD,) 

* page 4, Hni 25 - petfe S, Mna 3 * 

* pcg» 13. line 20 - page 14, U«e 10 * 

* page 26, Itnn IS - 32 * 

0S-A-4256693 (HONDO ET AL. ) 

* columns 4 - 5 * 

EP-A-327918 (KONlCA CORPORATION) 
4 th« who)* document * 



1-5 



1-5 



If 3 



1-5 



1-5 



Q03N33/52 
//C12Q1/00 
C12Q1/48 

C12Q1/60 



TECHNICAL HCLDfi 
SEARCHED Qpu Q.S ) 



G01N 
C12Q 



TUt provnl mrcri rtport ha* faetn drawn vp for at) data* 



Hmi of Mint 

BERLIN 



26 FEBRUARY 199) 



CEDER 0. 



CATECORY OF CITED DOCUMENTS 

X : p«TtkoUrty rdvnnt ff tikm »Iom 

Y : pirtlcnlarty r*J»viM U comblttW *Mh mother 

doetftntat of At woe cutgory 
A : tftchAOJotlcal b«cLtJMiirf 
O i Mn-vrlitcn dlsdu mn 
F j Interment rfocttmwil 



7 t tk*ory or tfiftdtlt tt**»*Mi>g lh« Invent 

F. : iiHt* patCll tfocvmeM, Wit poWUhwd en, or 

■ftcr iht nn«i in* 

I, ; docaiMfti ditd fo? otaer raspfti 

to tf ft* J*fne pateftt tunlry, corm^niTng 



5DCCID;<EP. 



.03B2?07A3J_> 



2oo7fiofniB mm 



SIKS&CO. 



European Patent Oftlc* 

B029B MUNICH 

GERMANY 

Tel,; +48 80 2399*0 

Pax: +49 69 2m -4465 



Eurcpiiliehcs 
PatvnUrnt 



European 
Patent Otfic* 



NO. 5327 P. 2/57 

Office vuropSStT 



des brevets 



Albreoht, Thomas 
Kraus & Weisert 
Patent- und Reohtsanw&lte 
Thomas-Wimmer-Ring 15 
80539 MQnchen 
ALLEMAGNE 



eingegangen! 

Epo Customer Services 

3 I Jul! 2G07 
KRAUS & WGISEffT 



T il.; +31 (0)70 340 45 00 



Date 



31.07.07 



Rifarenoa 

16808EP/mj 


Appltotton NoiPatant No. 

05710685.8-2404 PCT/JP20 05003085 


Applto*nt/Prop rt*tor 

FUJIFILM Corporation 



COMMUNICATION 

The European Patent Office herewith transmits as an enclosure the supplementary European search report 
under Article 157(2)(a) EPC for the above-mentioned European patent application. 

If applicable, copies of the documents cited in the European search report are attaohed. 

5J Additional set(a) of copies of the documents cited In the European eearoh report is (are) enclosed 
as well. 



Refund of the search fee 

If applloable under Article 10 Rules relating to fees, a separate communication from the Receiving Section 
on the refund of the search fee will be sent later. 




EPO Furm 1607.4 03.95 



.2007*1083 IB 15«f52ft SIKS&CO. 



NO. 5327 P. 3/57 



European Patent 
Office 



SUPPLEMENTARY 
EUROPEAN SEARCH REPORT 



Application Number 

EP 05 71 0685 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, whore appropriate. 
oi relevant passages 



US 3 992 158 A (EASTMAN KODAK COMPANY) 
16 November 1976 (1976-11-16) 
* the whole document * 



EP 0 382 207 A (FUJI PHOTO FILM) 
16 August 1990 (1990-08-16) 

* page 3 - page 5; claims 1-5 * 

EP 0 621 478 A (FUJI PHOTO FILM) 
26 October 1994 (1994-10-26) 

* column 11 - column 13; claims 1-10 * 



Relevant 
to claim 



1-6 



1-7 



1,2 



CLASSIFICATION OF THE 
APPLICATION (IRC) 



INV. 

G01N33/52 



TECHNICAL RELD8 
SEARCHED (IPC) 



G01N 



The sup 
set 01 cl 



jlementary search report has been based on the last 
iims valid and available at the start of the search. 



Raw ol BearcM 

Munich 



D«tf gt gomp^ttoo oi iht MM reft 

24 July 2007 



MORENO DE VEGA, C 



CATEGORY OF CITED DOCUMEMTS 

X : particularly relevant ft* taken alone 

Y : particularly relevant it combined with another 

document ol lha seme category 
A : technological background 
O : non-wffilen disclosure 
P : intermediate document 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on. or 

after the filing dale 
D : document cited In the application 
L ; document cMed tor other reasons 

& : member of the same patent family, corresponding 
document 



,2007$10fl318 15«t52ft SIKS&CO. 



NO. 5327 P. 4/57 



■ V. 

ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO> EP 05 71 0685 



This annex lists the patent family membersrelatlng to the patent documents cited In the above-mentioned European search reoort 
The members are as contained in the European Patent Office GDP file on ^ * 

The European Patent Office Is In no way liable for these particulars which are merely given tor the purpose of Information. 

24-07-2007 



Patent document 
cited In search report 



Publication 
date 



Patent family 
member(s) 



US 3992158 



Publication 
date 



16-11-1976 NONE 



EP 0382207 



EP 0621478 



16-08-1990 


DE 


69005840 Dl 


24-02-1994 




DE 


69005840 T2 


19-05-1994 




JP 


2864035 B2 


03-03-1999 




JP 


3016651 A 


24-01-1991 


26-10-1994 


DE 


69432840 Dl 


31-07-2003 




DE 


69432840 T2 


13-05-2004 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



